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$TXDOLWDWLYHFRPSDULVRQRIVWUHVVHVDWDLUFUDIWEROWHGMRLQW
KROHVXQGHULQLWLDOFODPSLQJIRUFH
$NÕQ$WDúDE&RQVWDQWLQRV6RXWLVD1XUHWWLQ$UVODQE
D'HSDUWPHQWRI0HFKDQLFDO(QJLQHHULQJ7KH8QLYHUVLW\RI6KHIILHOG6KHIILHOG6-'8QLWHG.LQJGRP
E'HSDUWPHQWRI0HFKDQLFDO(QJLQHHULQJ%DOLNHVLU8QLYHUVLW\%DOLNHVLU7XUNH\

$EVWUDFW

7KHVWUHVVVWDWHDURXQGWKHPLGGOHVNLQSODWHKROHRIGRXEOHODSVLQJOHEROWHGMRLQWVDUHLQYHVWLJDWHG
XQGHU DQ LQLWLDO FODPSLQJ IRUFH 7ZR GLIIHUHQW PDWHULDOV DUH FRQVLGHUHG IRU WKH PLGGOH SODWH D TXDVL
LVRWURSLF FDUERQ ILEHU UHLQIRUFHG SODVWLF &)53 FRPSRVLWH ODPLQDWH DQG DQ DOXPLQXP DOOR\ 7
SODWH7KHRXWHUVSOLFHSODWHVDUHDOXPLQXPDOOR\7IRUERWKFDVHV7KHQRQFRPPHUFLDO)(FRGH
$16<6YLVXVHGIRUWKHDQDO\VHV>@/LQHDUVROLGEULFNHOHPHQWVDUHXVHGWRPRGHOWKHDOXPLQXP
SODWHVDQGWKHFRPSRVLWHODPLQDWH2QHHOHPHQWSHUOD\HUDSSURDFKLVHPSOR\HGLQWKURXJKWKHWKLFNQHVV
GLUHFWLRQWRPRGHOWKHODPLQDWHGFRPSRVLWHSODWH7KHEROWDQGWKHZDVKHUDUHPRGHOHGDVDVLQJOHOLQHDU
HODVWLFGHIRUPDEOHVROLGERG\6XUIDFHWRVXUIDFHFRQWDFWHOHPHQWVDUHXVHGWRGHILQHWKHFRQWDFWEHKDYLRU
EHWZHHQWKHMRLQWPHPEHUVLQFOXGLQJWKHHIIHFWRIIULFWLRQ&RPSDULVRQRIWKHVWUHVVUHVXOWVVKRZWKDWWKH
FODPSLQJ IRUFHKDV D VLJQLILFDQWO\GLIIHUHQW HIIHFW IRU FRPSRVLWH DQG DOXPLQXPSODWHV ,QLWLDO FODPSLQJ
IRUFHLQWURGXFHVEHQHILFLDOFRPSUHVVLYHVWUHVVHVIRUDOXPLQXPSODWHZKHUHDVERWKWHQVLOHDQGFRPSUHVVLYH
VWUHVVHVRFFXUIRUWKHFRPSRVLWHODPLQDWH7KHVWUHVVDQDO\VLVUHVXOWVDUHXVHGWRH[SODLQWKHSKHQRPHQD
EHKLQGWKHGLIIHUHQWFODPSLQJIRUFHUHVSRQVHV


.H\ZRUGV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,QWURGXFWLRQ
$OXPLQXP DOOR\V DQG FDUERQ ILEHU UHLQIRUFHG SODVWLF &)53 FRPSRVLWHPDWHULDOV KDYH EHHQZLGHO\
XVHG LQ DLUFUDIW VWUXFWXUHV GXH WR WKHLU VXSHULRU VSHFLILFPDWHULDO SURSHUWLHV %ROWHG MRLQWV DUH WKH PRVW
FRPPRQO\XVHGIDVWHQHUVIRUWKHVHPDWHULDOV7KH\DUHHDV\WRDVVHPEOHWROHUDQWWRVHYHUHHQYLURQPHQWDO
HIIHFWVDQGDOORZFRPSRQHQWGLVDVVHPEO\IRULQVSHFWLRQPDLQWHQDQFHUHTXLUHPHQWV7KH\DOVRPHHWVRPH
VSHFLDOUHTXLUHPHQWVVXFKDV WKHVWUXFWXUDO LQWHJULW\XQGHUKHDY\ORDGV>@$OWKRXJKDOXPLQXPDOOR\V
KDYH EHHQ XVHG LQ ODVW GHFDGHV LQ SULPDU\ VWUXFWXUHV WKH LQWURGXFWLRQ RI WKH &)53 FRPSRVLWHV LQ WKH
KHDYLO\ ORDGHG VWUXFWXUHV LV UHODWLYHO\ QHZ HJ WKH FHQWHU ZLQJ ER[ RI $LUEXV $ 7KH XVH RI
FRPSRVLWHV LQ SULPDU\ VWUXFWXUHV HQWDLOV WKH FRQQHFWLRQV EHWZHHQ FRPSRVLWHWRFRPSRVLWH DQGRU
FRPSRVLWHWRPHWDOOLFVWUXFWXUHV+RZHYHUWKHPHFKDQLFDOUHVSRQVHRIWKH&)53EROWHGFRPSRVLWHMRLQWV
FDQGLIIHUVLJQLILFDQWO\IURPPHWDOOLFPDWHULDOVGXHWRWKHGLIIHUHQWHODVWLFPDWHULDOSURSHUWLHVRIWKHOD\HUV
2XWRISODQHFODPSLQJIRUFHIXUWKHUFRPSOLFDWHVWKHVWUHVVVWDWHDURXQGWKHEROWKROHLQWKUHHGLPHQVLRQV
$SUHYLRXV VWXG\ VKRZHG WKDW WKH LQLWLDO FODPSLQJ IRUFH LQWURGXFHVFRPSUHVVLYH VWUHVVHVDURXQG WKHQHW
VHFWLRQ SODQH )LJXUH  RI WKH EROW KROH ERXQGDU\ LQ DOXPLQXP DOOR\ MRLQWV >@ 7KHVH FRPSUHVVLYH
VWUHVVHVLQFUHDVHWKHWHQVLOHVWUHQJWKDQGIDWLJXHOLIHRIWKHDOXPLQXPDOOR\EROWHGMRLQW&RQYHUVHO\ WKH
DSSOLFDWLRQRIWKHFODPSLQJIRUFHLQWURGXFHVERWKWHQVLOHDQGFRPSUHVVLYHVWUHVVHVDURXQGWKHQHWVHFWLRQ
SODQH RI WKH&)53 FRPSRVLWH EROW KROH GXH WR WKH GLIIHUHQWPDWHULDO SURSHUWLHV RI HDFK OD\HU$ WKUHH
GLPHQVLRQDOILQLWHHOHPHQWPRGHOLVGHYHORSHGLQWKLVVWXG\LQRUGHUWRH[SODLQWKHVLJQLILFDQWO\GLIIHUHQW
FODPSLQJIRUFHUHVSRQVHVRIWKHTXDVLLVRWURSLF&)53FRPSRVLWHDQGDOXPLQXPDOOR\SODWHV

3UREOHPGHVFULSWLRQ
$ GRXEOHODS IXOO\ FODPSHG QR ZDVKHUV EHWZHHQ WRSERWWRP DQG PLGGOH SODWH EROWHG MRLQW LV
FRQVLGHUHG DV VKRZQ LQ )LJXUH ZLWK GLPHQVLRQV LQPP >@$OO WKH DOXPLQXP DQG&)53 FRPSRVLWH
SODWHVKDYHWKHVDPHGLPHQVLRQV7KHHIIHFWRIWKHEROWFODPSLQJIRUFHRQWKHVWUHVVGLVWULEXWLRQDURXQG
WKHPLGGOHSODWHEROWKROHLVWKHLQWHUHVWRIWKHSUHVHQWSDSHU


)LJ%ROWHGMRLQWJHRPHWU\DQGGLPHQVLRQVLQPP 
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7RS DQG ERWWRP SODWHV DUH FRQVLGHUHG WR EH DOXPLQXP DOOR\ 7 ZLWK D <RXQJ¶V PRGXOXV
( 03DDQG3RLVVRQ¶VUDWLRȞ >@7KHPLGGOHSODWHLVFRQVLGHUHGWREHHLWKHUDOXPLQXPDOOR\
7 RU D >@V TXDVLLVRWURSLF &)53 FRPSRVLWH SODWH ZLWK WKH HODVWLF SURSHUWLHV JLYHQ LQ
7DEOH(DFKFRPSRVLWHOD\HUSO\KDVDWKLFNQHVVRIPPZKLFKJLYHVDWRWDOODPLQDWHWKLFNQHVVRI
PP$OO7DOOR\SODWHVDUHDOVRPPWKLFN7KHVWHHOEROWDQGZDVKHUVKDYHWKHHODVWLFPRGXOXV
RI( 03DDQGȞ 
7DEOH8QLGLUHFWLRQDO&)53FRPSRVLWHPDWHULDOHODVWLFSURSHUWLHV>@
(03D (03D (03D *03D *03D *03D Ȟ Ȟ Ȟ
        

)LQLWHHOHPHQWPRGHOLQJ
$WKUHHGLPHQVLRQDOILQLWHHOHPHQWDQDO\VLVRIWKHGRXEOHODSEROWHGMRLQWLVSHUIRUPHGXVLQJWKHQRQ
FRPPHUFLDO YHUVLRQ RI $16<6 Y ILQLWH HOHPHQW VRIWZDUH >@ 7KH DGYDQWDJH RI WKH JHRPHWULFDO
V\PPHWU\ZLWKUHVSHFWWRWZRRUWKRJRQDOSODQHV[\[]RIWKHPRGHOLVXVHGWRVLPSOLI\WKHDQDO\VLVLQ
WHUPVRI&38WLPHV)LJXUH6\PPHWULFERXQGDU\FRQGLWLRQVDUHDSSOLHGWRERWKV\PPHWU\SODQHVLH
RXWRISODQHWUDQVODWLRQVDQGLQSODQHURWDWLRQVDUHVHWWR]HUR
2QHHOHPHQWSHUFRPSRVLWHOD\HUWKLFNQHVVLVXVHGWRPRGHOWKH&)53ODPLQDWH7KLVDSSURDFKJLYHV
TXLWHDFFHSWDEOHVWUHVVVWUDLQSUHGLFWLRQV>@(DFK&)53OD\HULVPRGHOHGVHSDUDWHO\E\XVLQJ62/,'
OLQHDU QRGHG EULFN HOHPHQWV ZLWK UHGXFHG LQWHJUDWLRQ RSWLRQ $OO OD\HUV DUH WKHQ JOXHG WRJHWKHU DQG
VKDUHGQRGHVDUHJHQHUDWHGDWWKHLQWHUIDFHV7KUHHVWHSVDUHWDNHQWRGHILQHWKHOD\HURULHQWDWLRQDQJOHV
)LUVW XQLGLUHFWLRQDOPDWHULDO HODVWLF SURSHUWLHV 7DEOH  DUH DVVLJQHG WR HDFK OD\HU LQGLYLGXDOO\ LQ WKH
JOREDOFRRUGLQDWH V\VWHP6HFRQG ORFDOFRRUGLQDWH V\VWHPVDUH JHQHUDWHG IRUHDFKGLIIHUHQWRULHQWDWLRQ
DQJOH7KLUGWKHVSHFLILFORFDOFRRUGLQDWHVDUHDVVLJQHGWRWKHDVVRFLDWHGODPLQDWHOD\HUV7KH
ILEHUGLUHFWLRQRIWKHÛOD\HUFRLQFLGHVZLWKWKHJOREDO[GLUHFWLRQ7KHVLQJOHEROWZDVKHUERG\ZKLFK
ZLOOEHUHIHUUHGWRDVIDVWHQHUKHUHDIWHULVDOVRPRGHOHGXVLQJ62/,'OLQHDUQRGHGEULFNHOHPHQWV
ZLWK UHGXFHG LQWHJUDWLRQRSWLRQ)RU VLPSOLFLW\ WKHEROWKHDGDOVRPRGHOHGDVDFLUFXODUERG\ZLWK WKH
VDPHGLDPHWHUDVWKHZDVKHUDPPFOHDUDQFHLVVHWEHWZHHQWKHIDVWHQHUDQGWKHODPLQDWH
7KH ILQLWH HOHPHQWPHVK DVSHFW UDWLR DW WKH KROH ERXQGDU\ LV VHW WR  LQ RUGHU WR FDSWXUH WKH KLJK
VWUHVVVWUDLQJUDGLHQWVDVLW LVVXJJHVWHGIRUDQDFFXUDWHVWUHVVDQDO\VLV>@0HVKGHQVLW\DZD\IURPWKH
KROH LV UHGXFHG WR GHFUHDVH WKH UHTXLUHG FRPSXWDWLRQ WLPH DQG VWRUDJH VSDFH IRU WKH VROXWLRQ GDWD
6XUIDFHWRVXUIDFH GHIRUPDEOH FRQWDFW EHKDYLRU EHWZHHQ WKH IDVWHQHU DQG WKH ODPLQDWH VXUIDFHV LV
PRGHOHG ZLWK &217$ DQG 7$5*( HOHPHQWV )ULFWLRQ FRHIILFLHQW EHWZHHQ DOO WKH FRQWDFWLQJ
VXUIDFHVLVVHWWR7KHFRQWDFWSDLULVFUHDWHGE\FRQWDFWZL]DUG,WVKRXOGEHQRWHGWKDW&217$
FRQWDFWHOHPHQW LVDKLJKRUGHUHOHPHQWZLWKPLGVLGHQRGHVDQG WKHFRQWDFWZL]DUGGURSV WKHPLGVLGH
QRGHVRIWKLVHOHPHQWIRUFRQYHQLHQFHZLWKOLQHDU62/,'HOHPHQWV7KHFODPSLQJHIIHFWLVVLPXODWHG
E\ DSSO\LQJ D QHJDWLYH GLVSODFHPHQW DW WKH ERWWRP VXUIDFH RI WKH IDVWHQHU 7KH FODPSLQJ IRUFH LV WKHQ
REWDLQHG IURP WKH UHVXOWLQJ UHDFWLRQ IRUFHDW WKHEROWERG\0RUHGHWDLOHGH[SODQDWLRQRQ WKHFODPSLQJ
IRUFHVLPXODWLRQLVDYDLODEOHLQ>@7KHTXDUWHUILQLWHHOHPHQWPRGHORIEROWHGMRLQWLVVKRZQLQ)LJXUH



6  Akın Atas¸ et al. / Procedia Engineering 10 (2011) 3–8
)LJXUH)LQLWHHOHPHQWPRGHORIWKHEROWHGMRLQWDQGFORVHXSYLHZRIWKHKROHFLUFXPIHUHQFH
5HVXOWVDQGFRQFOXGLQJUHPDUNV
7KHPLGGOHSODWHLQDGRXEOHODSEROWHGMRLQWFDUULHVWKHWRWDOORDGH[SHULHQFHGE\WZRRXWHUSODWHV7KH
LQWHJULW\RIWKHMRLQWUHOLHVKHDYLO\RQWKHVWUHQJWKRIWKHPLGGOHSODWHDQGVRWKHVWUHVVVWDWHDURXQGWKH
PLGGOH SODWH EROW KROH LV RI JUHDW LPSRUWDQFH 7KH ORQJLWXGLQDO VWUHVV GLVWULEXWLRQ ı[ RI WKH 7
DOXPLQXP DOOR\ PLGGOH SODWH XQGHU N1 a1P FODPSLQJ IRUFH LV VKRZQ LQ )LJXUH D 7KH
FRPSUHVVLYH VWUHVVHVDURXQG WKHQHW VHFWLRQSODQHDW WKHKROHERXQGDU\DUHDOPRVW XQLIRUP WKURXJK WKH
WKLFNQHVVRI WKHSODWH ,W LVZHOONQRZQ IDFW WKDW WKHQHW VHFWLRQSODQH LVDFULWLFDO IDLOXUH LQLWLDWLRQDQG
SURSDJDWLRQ UHJLRQ IRU WKHEROWHG MRLQWV VXEMHFWHG WRXQLD[LDO WHQVLOH ORDGVGXH WR WKHKLJK ORFDO WHQVLOH
VWUHVVHV GHYHORSHG DW WKDW SODQH 7KXV WKH FODPSLQJ IRUFH LQGXFHG FRPSUHVVLYH VWUHVVHV LQFUHDVH WKH
XOWLPDWHVWUHQJWKRIWKHEROWHGMRLQWE\UHWDUGLQJWKHIRUPDWLRQRIWKHVHWHQVLOHVWUHVVHV
7KHXQGHUVWDQGLQJDERXWWKHIRUPDWLRQRIWKHVHFRPSUHVVLYHVWUHVVHVLVDFUXFLDOVWHSWRPDNHIXUWKHU
H[SODQDWLRQDERXWWKHGLIIHUHQWMRLQWEHKDYLRUV/HWXVFRQVLGHUDUHIHUHQFHHOHPHQWDWWKHKROHERXQGDU\
QHWVHFWLRQSODQHRI WKH7DOXPLQXPDOOR\PLGGOHSODWHZKHUH WKHPD[LPXPFRPSUHVVLYHVWUHVV
RFFXUV)LJXUH:KHQWKHRXWRISODQH]GLUHFWLRQFODPSLQJIRUFHLVDSSOLHGWKHPDWHULDOXQGHUWKH
FODPSHGDUHDWULHVWRH[SDQGLQWKHWZRLQSODQHGLUHFWLRQV[DQG\GXHWR3RLVVRQ¶VHIIHFW:KLOHWU\LQJ
WRH[SDQGWKLVHOHPHQWUHFHLYHVUHDFWLRQIRUFHVIURPVXUURXQGLQJHOHPHQWV7KHVHUHDFWLRQIRUFHVFDXVH
FRPSUHVVLYHVWUHVVHVRQWKHHOHPHQW7KH\DUHRIWKHVDPHPDJQLWXGHLQWKHWDQJHQWLDOFLUFOHWUDMHFWRULHV
DURXQGWKHKROHERXQGDU\EHFDXVHRIWKHLVRWURSLFQDWXUHRIWKHDOXPLQXPDOOR\DQGWKHVDPHFODPSLQJ
IRUFHHIIHFWH[HUWHGE\ WKHRXWHUSODWH7KHPDJQLWXGHRI WKH UDGLDO UHDFWLRQ IRUFHVGHFUHDVHVJUDGXDOO\
ZLWK WKH GLVWDQFH IURP WKH KROH ERXQGDU\ DQG WKHPD[LPXPGHYHORSV DW WKH KROH ERXQGDU\ RI WKH QHW
VHFWLRQSODQH7KHUHGXFWLRQRIWKHUDGLDOUHDFWLRQIRUFHVZLWKWKHGLVWDQFHFDQEHH[SODLQHGDV IROORZV
7KH VROLGGHIRUPDEOH IDVWHQHU KHDG )LJXUH  WHQGV WR EHQG XQGHU WKH FODPSLQJ IRUFH 7KLV FDXVHV D
FKDQJHRQWKHWKURXJKWKHWKLFNQHVVFRPSUHVVLYHVWUHVVHVEHWZHHQ WKHIDVWHQHUKHDGDQG WKHRXWHUSODWH
SURSRUWLRQDO WR WKHDPRXQWRI WKHEHQGLQJ7KHRXWHUSODWHV WUDQVPLW WKH VDPHPHFKDQLFDOHIIHFW WR WKH
PLGGOHSODWHRILQWHUHVW7KHFRQWRXUFLUFOHVDURXQGWKHKROHVLQ)LJXUHVKRZWKHJUDGXDOGHFUHDVHLQWKH
WKURXJKWKHWKLFNQHVVQRUPDO FRPSUHVVLYH VWUHVVHV7KH OHVV WKURXJKWKHWKLFNQHVVFRPSUHVVLYH VWUHVVHV
OHDG WR WKH OHVVH[SDQVLRQ LQ WKH LQSODQHGLUHFWLRQV VR WR WKH OHVV UHDFWLRQ IRUFHV$VD FRQFOXVLRQZH
REVHUYH WKHPD[LPXP FRPSUHVVLYH VWUHVVHV DW WKH KROH ERXQGDU\ 7KH FODPSLQJ HIIHFW DOVR IRUFHV WKH
PLGGOHSODWH WREHQGDVZHOO DV WKHRXWHUSODWHV7KH WDSHUHGFRPSUHVVLYH VWUHVV ILHOGDW WKHQHWVHFWLRQ
SODQH9VKDSHLVWKHUHVXOWRIWKDWVOLJKWEHQGLQJRIWKHPLGGOHSODWH
&RQYHUVHO\WRWKHDOXPLQXPSODWHWKHORQJLWXGLQDOVWUHVVGLVWULEXWLRQı[LVQRWXQLIRUPWKURXJKWKH
WKLFNQHVVRIWKH&)53FRPSRVLWHPLGGOHSODWHKROHXQGHUWKHVDPHDSSOLHGFODPSLQJIRUFHRIN1%RWK
FRPSUHVVLYHDQGWHQVLOHVWUHVVHVDUHGHYHORSHGDVVKRZQLQ)LJXUHEPDLQO\GXHWRWKHGLIIHUHQWHODVWLF
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PRGXOXV RI HDFK FRPSRVLWH OD\HU 7HQVLOH VWUHVVHV DUH GHYHORSHG DW WKH Û OD\HU ERWWRP OD\HU LQ WKH
ILJXUH,WLVHYLGHQWXQGHUFODPSLQJIRUFHWKDW&)53OD\HUVWHQGWRH[SDQGPRUHLQWUDQVYHUVHWRILEHUÛ
GLUHFWLRQ\GLUHFWLRQWKDQÛILEHUGLUHFWLRQ[GLUHFWLRQEHFDXVHRIWKHORZHUHODVWLFPRGXOXVLQÛ/HW
XV FRQVLGHU DJDLQ DQ HOHPHQW RI WKH Û OD\HU DW WKH KROH ERXQGDU\ QHW VHFWLRQ SODQH 7KLV SDUWLFXODU
HOHPHQW WULHV WR H[SDQG XQGHU WKH FODPSLQJ IRUFH DQG LW UHFHLYHV GLIIHUHQW UHDFWLRQ IRUFHV IURP
VXUURXQGLQJHOHPHQWVGHSHQGLQJRQWKHGLUHFWLRQDVZHOODVWKHGLVWDQFHIURPWKHKROH7KHUHODWLYHO\KLJK
GLVSODFHPHQW WHQGHQF\ RI WKDW HOHPHQW WKURXJK WKH ORZ PRGXOXV Û GLUHFWLRQ LV UHVWULFWHG E\ KLJK
PRGXOXV Û GLUHFWLRQ WR VDWLVI\ WKH FRPSDWLELOLW\ 7HQVLOH VWUHVVHV DW WKH Û OD\HU DUH UHVXOW IURP WKLV
FRQVWUDLQLQJHIIHFW6LPLODUH[SODQDWLRQVFDQEHPDGHIRURWKHUODPLQDWHRULHQWDWLRQDQJOHV7KHMRLQWZLWK
&)53 DOVR UHTXLUHV UHODWLYHO\ PRUH WKURXJKWKHWKLFNQHVV GLVSODFHPHQW LQ RUGHU WR PDLQWDLQ WKH VDPH
FODPSLQJIRUFHGXHWRWKHORZHUHODVWLFPRGXOXVRI&)53LQ]GLUHFWLRQ,QFUHDVHGWKURXJKWKHWKLFNQHVV
GLVSODFHPHQW FDXVHV DPRUH SURQRXQFHG EHQGLQJ HIIHFW LQ WKH SODWHVZKLFK FRQWULEXWH WR WKH LQFUHDVHG
PDJQLWXGHRIWKHWHQVLOHVWUHVVHVDWWKHERWWRPDQGFRPSUHVVLYHVWUHVVHVDWWKHWRSRIWKHPLGGOHSODWH


)LJXUHı[VWUHVVGLVWULEXWLRQRIPLGGOHSODWHGXHWRN1FODPSLQJIRUFHDDOXPLQXPDOOR\7E>@V&)53
ODPLQDWH
)LJXUH7KURXJKWKHWKLFNQHVVQRUPDOVWUHVVGLVWULEXWLRQVRIPLGGOHSODWHGXHWRN1FODPSLQJIRUFHDDOXPLQXPDOOR\
7E>@V&)53ODPLQDWH
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,Q FRQFOXVLRQ WKH &)53 FRPSRVLWH DQG 7 DOXPLQXP DOOR\ EROWHG MRLQWV JLYH VLJQLILFDQWO\
GLIIHUHQW UHVSRQVH IRU LQLWLDO FODPSLQJ IRUFHV([SHULHQFHV IURPPHWDOOLFPDWHULDO MRLQWV VKRXOGEHXVHG
FDUHIXOO\ZKHQGHVLJQLQJZLWKFRPSRVLWHPDWHULDOVGXHWRWKHLUDQLVRWURSLFQDWXUH
$FNQRZOHGJHPHQWV
7KHDXWKRUVDFNQRZOHGJHWKH%DOLNHVLU8QLYHUVLW\DQGWKH7XUNLVK&RXQFLORI+LJKHU(GXFDWLRQ<2.
IRUWKH3K'VFKRODUVKLSDQGIRUWKHILQDQFLDOVXSSRUWSURYLGHGIRUWKLVFRQIHUHQFH
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